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IN T E G R A C IO N  E L E C T R I C A  
D E  C E N T R O A M E R IC A
D o c u m e n to  p r e p a r a d o  p o r  e l  In g *  K en n eth  
E .  S o r e n s e n  p a r a  l a  P r i m e r a  R e u n ió n  del 
S u b - C o m ité  C e n t r o a m e r ic a n o  de E l e c t r i f i ­
c a c ió n  que s e  v e r i f i c a r á  en S a n  S a lv a d o r ,  
b a jo  lo s  a u s p ic io s  dela C E P A L .
San  S a lv a d o r  
S e p t ie m b r e  de 1959 .
E L E C T R IC A L  INTEGRATION OF C EN TR A L AM ERICA
An in te r c o n n e c te d  t r a n s m i s s i o n  g r id  extend ing  f r o m  G u a te m a la  
C ity  tc  S a n  J o s e  w ill  p ro b a b ly  b e  r e a l i z e d  in  the f u tu r e .  T h e  to ta l  d i s ­
ta n c e  of 9 9 0  k i l o m e t e r s  is  l e s s  than the le n g th  o f  e x is t in g  g r id s  in  E u ro p e  
and the U nited  S t a t e s ,  A lthough p o w e r  d em an d s w ith in  C e n t r a l  A m e r i c a  
today a r e  not l a r g e  enough to ju s t i fy  the in v e s tm e n t  in  t r a n s m i s s i o n  l in e  
a t  p r e s e n t ,  the v e r y  ra p id  i n c r e a s e  in  e l e c t r i c  p o w e r  u s e  m a y  ju s t i fy  the 
g r id  w ith in  the n e x t  20  to 30 y e a r s .  C e r ta in  p o r t io n s  of the u l t im a te  g r id ,  
in te r c o n n e c t in g  two o r  m o r e  c o u n t r ie s ,  w il l  b e  e c o n o m ic a l ly  ju s t i f i e d  
m u ch  s o o n e r .
P r i n c i p a l  lo ad  c e n t e r s  of e a c h  c o u n try  a r e  the c a p i ta l  c i t i e s .  
E x a m in a t io n  of a  m ap show s a i r l i n e  d is t a n c e s  b e tw e e n  the lo a d  c e n t e r s  
to b e  a s  fo l lo w s :
G u a te m a la  to S a n  S a lv a d o r ,  178  K m
S a n  S a lv a d o r  to T e g u c ig a lp a ,  2 2 0  K m
T e g u c ig a lp a  to M an agu a, 251  K m
M an agua to S a n  J o s e ,  341  K m
T h e  d i s t a n c e s  b e tw e e n  th o s e  n e ig h b o r in g  c a p i ta l s  a r e  c o m p a r a b le  and 
none a r e  o u ts id e  the r a n g e  o f t r a n s m i s s i o n  f e a s i b i l i t y .
L o c a t io n s  o f  the e x is t in g  h y d r o e l e c t r i c  p la n ts  and p o te n t ia l  p la n ts  
in  C e n t r a l  A m e r i c a  show  ev en  m o r e  f a v o r a b l e  t r a n s m i s s i o n  d i s t a n c e s  
in  s o m e  a r e a s .  F o r  e x a m p le :  the U pper R io  L e m p a  p r o je c t s  in  E l  S a l ­
v a d o r  a r e  1 3 7 K m  f r o m  G u a te m a la  C ity ;  the G uayabo  P r o j e c t  and lo w e r
d e l iv e r e d  and r e c e i v e d  i s  b a la n c e d .  E n e r g y  in te r c h a n g e  c a n  b e  o f f - p e a k ,  
w ith in s t a l l e d  c a p a c i t i e s  in  e a c h  c o u n try  s u f f i c ie n t  only f o r  e a c h  co u n try *s  
own p e a k  d e m a n d s .  T h is  f o r m  of in te r c h a n g e  w ill  b e  p o s s ib le  w h e re  one 
c o u n try  h as  r u n - c f - r i v e r  p r o j e c t s  w ith s u rp lu s  w et s e a s o n  e n e r g y  and the 
o th e r  c o u n try  h a s  s i z e a b l e  th e r m a l  g e n e r a t io n ,  o r  h a s  h y d r o e l e c t r i c  p la n ts  
w ith c o m p le te  r i v e r  r e g u la t io n .
One e x a m p le  of th is  in te g r a t io n  m ig h t  e x i s t  b e tw e e n  E l  S a lv a d o r  and 
G u a te m a la .  T h e  R io  L e m p a  p la n ts  w ill  h a v e  s u rp lu s  e n e rg y  in  the w et 
s e a s o n  w hich  cou ld  b e  t r a n s m it t e d  to G u a te m a la  f o r  re d u c in g  fu e l  co n su m p ­
tion  in the w et s e a s o n .  D u rin g  the d ry  s e a s o n ,  th e r m a l  e n e rg y  f r o m  G u a te ­
m a la  cou ld  b e  t r a n s m it t e d  to E l  S a lv a d o r ,  to f i r m  up the R io  L e m p a  h y d r o -  
e l e c t r i c  p la n ts ,
A s i m i l a r  s i tu a t io n  could  e x i s t  b e tw e e n  E l  S a lv a d o r  and H o n d u ras  
f o r  in te g r a t io n  of the R io  L e m p a  p la n ts  and the R io  l in d o  p la n ts .  In th is  
c a s e  the c o m b in e d  E l  S a lv a d o r -H o n d u r a s  s y s t e m  lo ad s  would b e  m e t  in  
the w et s e a s o n  w ith the R io  L e m p a  p la n ts  o p e ra t in g a t  a  high lo a d  f a c t o r  and 
with the R i c  L in d e  p la n ts  u se d  f o r  p eak in g  on ly . L e s s  w a te r  would be  
r e l e a s e d  f r o m  L a k e  Y o jo a  d u ring  the w et s e a s o n  than would b e  the c a s e  
i f  R io  L in d o p la n ts  w e r e  to s e r v e  H onduran lo ad s  in d ep en d en tly . T h e n , in  
the d ry  s e a s o n  the c o m b in e d  s y s t e m  lo ad s  would b e  m e t  w ith R io  Lindo 
o p e ra t in g  a t  h ig h e r  lo ad  f a c t o r  and R io  L e m p a  p la n ts  u se d  f o r  p e a k in g .
In b oth  e x a m p le s  n e t  annual e n e rg y  in te r c h a n g e  cou ld  b e  b a la n c e d .  
D u rin g  p e a k  d em and  h o u rs  no in te r c h a n g e  would o c c u r ,  e a c h  co u n try *s  p e a k
lo a d s  b e in g  s e r v e d  by the n a t io n 's  own p o w er p la n ts .
T h e  v a lu e  of su c h  in te r c h a n g e  is  f u r t h e r  en h an ced  by any d iv e r s i t y  
of h y d ro lo g ie  c y c l e s .  F o r  e x a m p le ,  the c r i t i c a l  d ry  y e a r  on the R io  L e m ­
p a  m a y  not c o in c id e  w ith the c r i t i c a l  d ry  y e a r  a t  L a k e  Y o jo a ,  T h e  two 
s y s t e m s  to g e th e r  would h av e  a h ig h e r  f i r m  e n e rg y  output than the s u m  of 
the two s y s t e m s  tak en  s e p a r a t e ly .
In te g r a t io n  on an e n e r g y  in te r c h a n g e  b a s i s  p la c e s  the m in im u m  of 
r e l i a n c e  of e a c h  s y s t e m  upon the o th e r .  S h o r t  d u ra tio n  in te r r u p t io n  of 
t r a n s m is s io n  in te r c o n n e c t io n  would not c a u s e  im m e d ia te  c u r t a i lm e n t  of 
p o w e r  supply to e i th e r  c o u n try .
In te r c h a n g e  of C a p a c i ty
O n -p e a k  in te r c h a n g e  of p o w e r ,  o r  c a p a c i ty ,  is  p o s s ib le  i f  two c o u n ­
t r i e s  h a v e  any d iv e r s i t y  in  the t im e  of m a x im u m  p e a k  d e m a n d s ,  e i th e r  
s e a s o n a b ly  o r  d a i ly ,  o r  a  d iv e r s i t y  in  m a x im u m  p o w e r  p la n t  p e ak in g  
c a p a b i l i ty .
T h ro u g h o u t C e n t r a l  A m e r i c a  the s o c i a l  and in d u s t r ia l  p a t t e r n s  a r e  
v e r y  s i m i l a r ,  and the an n u al s t r e a m f lo w  c y c le  i s  a l s o  s i m i l a r ,  T h e  o p ­
p o r t u n i t ie s  f o r  c a p a c i ty  in te r c h a n g e  a r e  n ot, t h e r e f o r e ,  as  p r e v a le n t .  
T h e r e  a r e  p r e s e n t ly  s o m e  d i f f e r e n c e s  w hich  cou ld  b e  e x p lo ite d .  L a t e ly  
the p e a k  load  on the C E L  s y s t e m  h a s  o c u r r e d  in F e b r u a r y - M a r c h ,  w hile  
p e a k  d em an d s in  T e g u c ig a lp a  h av e  o c c u r r e d  in  D e c e m b e r .  T h e  c o m b in e d  
p e a k  m ig h t  b e  s i g n i f i c a n t l y  l e s s  than the s u m  of the in d iv id u al p e a k s ,  in 
w hich  c a s e  in te r c h a n g e  o f  o n -p e a k  p o w e r m ig h t  b e  a d v a n ta g e o u s .
D i v e r s i t y  o f  g e n e r a t in g  c a p a b i l i ty  would o c c u r  i f  the k i lo w a tt  output 
of one c o u n try  w e r e  re d u c e d  due to draw dow n of r e s e r v o i r s  a t  a  d i f f e r e n t  
t im e  than in  a  n e ig h b o r in g  c o u n try .  We do not know  of  su ch  a  s i tu a t io n  
e x is t in g ,  b u t i t  i s  p o s s ib le  th at d iv e r s i t y  m ig h t  o c c u r  b e tw e e n  A tla n t ic  
s lo p e  p la n ts  and P a c i f i c  s lo p e  p la n ts .
D i r e c t  s a l e  of e n e rg y
In te r c o n n e c t io n  b e tw e e n  c o u n tr ie s  w il l  a l lo w  d i r e c t  s a l e s  o f  e n e r g y  
o v e r  and ab ov e  any b a la n c e d  in t e r c h a n g e .  Long t e r m  a r r a n g e m e n t s  f o r  
d i r e c t  s a le  of e n e r g y  would p r o b a b ly  b e  p o s s ib le  in  c a s e s  w h e re  the e x ­
p o r t in g  c o u n try  h a s  a continu ing  s u rp lu s  of e n e rg y  in  the w et s e a s o n  and 
the im p o r t in g  c o u n try  h as  a s i z e a b l e  t h e r m a l  s y s t e m .
S h o r t  t e r m  a r r a n g e m e n t s  would b e  p o s s i b l e  b e tw e e n  any  two c o u n ­
t r i e s  im m e d ia te ly  fo llow in g  the c o n s t r u c t io n  of a l a r g e  new  p o w e r  p la n t ,  
with e n e r g y ,  w ith draw n f r o m  s a l e  a s  the output of the new  p la n t  is  n e ­
eded w ith in  the e x p o r t in g  c o u n tr y .  U nder s u c h  s h o r t - t e r m  w ith d raw al 
c o n t r a c t s  n e ig h b o r in g  c o u n tr ie s  cou ld  c o o r d in a te  th e i r  c o n s t r u c t io n  p r o ­
g r a m s ,  a l t e r n a t e  new  in s t a l l a t i o n s ,  and b u ild  l a r g e r ,  m o r e  e c o n o m ic a l ,  
p o w e r p la n ts .
D i r e c t  s a le  of p o w e r
T h e  co n d it io n s  f o r  d i r e c t  s a l e  of p o w e r on long t e r m  a r r a n g e m e n t s  
would e x i s t  on ly  i f  the c o s t  of new  p la n ts  w e r e  m a t e r i a l l y  l e s s  in  one c o u n ­
t r y  than in  a n o th e r .  In th is  c a s e ,  the c o u n try  having h igh  c o s t  p r o j e c t s  
m ig h t  ob ta in  p o w e r  and e n e r g y  a t  l e s s  c o s t  by  p u r c h a s e  f r o m  a n e ig h b o r in g
c o u n tr y  than would b e  p o s s ib le  w ith n a t io n a l  g e n e r a t io n .
S h o r t  t e r m  a r r a n g e m e n t s  f o r  d i r e c t  s a l e  of p o w e r  cou ld  b e  m ad e 
u n d er the s a m e  co n d it io n s  a s  s h o r t  t e r m  s a l e  of e n e r g y  to equ al a d v a n ­
ta g e .
S h a r in g  of r e s e r v e  c a p a c i ty
M o s t  C e n t r a l  A m e r i c a  c o u n tr ie s  ca n n o t  a t  p r e s e n t  a f fo rd  to c a r r y  
s u b s ta n t ia l  r e s e r v e  c a p a c i t y .  T h is  s i tu a t io n  w ill  undoubtedly c h a n g e  a s  
s y s t e m  lo ad s  g ro w  and c u s t o m e r s  c o m e  to d em an d  h ig h e r  s ta n d a rd s  of 
r e l i a b i l i t y .  W hen the n eed  f o r  r e s e r v e  c a p a c i ty  a r i s e s ,  in te r c o n n e c t io n  
b e tw e e n  c o u n tr ie s  w ill  p e r m i t  a  d e g r e e  of s h a r in g  in  r e s e r v e  c a p a c i ty  
w h ich  shou ld  r e s u l t  in  s a v in g s  to the c o m b in e d  s y s t e m s .  W h e re  in d iv id u al 
s y s t e m s  m ig h t  n eed  ten  p e r c e n t  r e s e r v e s ,  the c o m b in e d  s y s t e m  m ig h t  n eed  
only  f iv e  p e r c e n t .  D iv e r s i t y  of p e a k  lo a d s  and the im p r o b a b i l i ty  of s i m u l ­
tan eo u s a u ta g e s  in  the l a r g e r  c o m b in e d  s y s t e m  would g iv e  eq u a l r e l i a b i l i t y  
w ith s m a l l e r  m a r g in  of r e s e r v e .  P la n n e d  m a in te n a n c e  of p la n ts  c a n  b e  
c o o r d in a te d  w ith in  the s y s t e m  to e l im in a t e  in te r r u p t io n  in  s e r v i c e .
E v e n  though p a r t i a l  o r  c o m p le te  in te r c o n n e c t io n  of C e n t r a l  A m e r i c a  
m a y  not c o m e  in to  b e in g  f o r  a n u m b e r  of y e a r s ,  e l e c t r i c  p o w e r  p lan nin g  
shou ld  r e c o n g n iz e  the fu tu r e  p o s s ib i l i t y .  A g r e e m e n t  should  b e  r e a c h e d  
b e tw e e n  the in d iv id u al c o u n tr ie s  on m a t t e r s  of v o l ta g e s  and f r e q u e n c i e s .  
In s o fa r  a s  i s  f e a s i b l e ,  t r a n s m i s s i o n  l in e s  w ith in  e a c h  c o u n try  shou ld  b e  
lo c a te d  and d e s ig n e d  to c o n f o r m  w ith an u l t im a te  in te r c o n n e c t in g  g r id .
In  v ie w  of the to ta l  d is ta n c e  in v o lv ed , g r id  v o lta g e  m ig h t  e v e n tu a l ly  h av e
to b e  in  the 2 3 0  - 4 0 0  K V r a n g e ,
A c o o rd in a t in g  c o m m it t e e  cou ld  w e ll  b e  e s t a b l i s h e d  to in te r c h a n g e  
in fo r m a t io n  on p o w e r  e x p a n s io n  p la n s  and to d i s c u s s  the e f f e c t  o f  e a c h  
n a tio n *s  s y s t e m  upon fu tu r e  in te g r a t io n .  S m a l l  s c a l e  e x p e r im e n ts  in  
in te r n a t io n a l  s a le  o f  p o w e r  should  b e  in c o u r a g e d  in  s u i ta b le  a r e a s  a lon g  
c o m m o n  b o r d e r s .
W ith e l e c t r i c  p o w e r  d em an d  in  C e n t r a l  A m e r i c a  doubling e v e r y  f iv e  
to s e v e n  y e a r s ,  the n eed  f o r  new  g e n e r a t in g  c a p a c i ty  w il l  b e c o m e  i n c r e a ­
s in g ly  l a r g e .  T h e  t im e  w ill  m o s t  c e r t a in l y  c o m e  w hen s o m e  o r  a l l  f o r m s  
of in te g r a t io n  d e s c r i b e d  h e r e i n  w il l  b e  to the b e s t  i n t e r e s t s  o f  C e n tr a l  
A m e r i c a .
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